® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 464 51 5 A2 



© Application number: 91110256.4 
® Date of filing: 21.06.91 



EUROPEAN PATENT APPLICATION 

© int. CIA H01L 21/318 



® Priority: 28.06.90 JP 171156/90 


0 Applicant: Kabushlkl Kaisha Toshiba 




72, Horikawa-cho Safwai-ku 


© Date of publication of application: 


Kawasakl-shl(JP) 


08.01.92 Bulletin 92/02 


© Inventor: Mikata, Yuufchi, c/o Intell.Property 




® Designated Contracting States: 


Dlv. 


DE FR GB 


Kabushlkl Kaisha Toshiba, 1-1 Shibaura 




1-chome 




Mlnato-ku, Tokyo 105(JP) 




Inventor: Moriya, Takahlko, c/o Intell.Property 




Dlv. 




Kabushlkl Kaisha Toshiba, 1-1 Shibaura 




1-chome 




Minato-ku f Tokyo 105(JP) 




0 Representative: Lehn, Werner, Dlpl.-lng. et al 




Hoffmann, Eltle & Partner Patentanwalte 




Arabellastrasse 4 




W-8000 MUnchen 81 (DE) 



CM 
< 

ID 
CO 



a. 

uu 



® Method of manufacturing silicon nitride film. 

© According to this invention, there is disclosed a 
method of manufacturing a silicon nitride film on a 
semiconductor substrate using a low-pressure CVD 
apparatus, including the steps of setting a plurality of 
semiconductor wafers (2) in a boat (14) in a reaction 
furnace (t), increasing a temperature in the reaction 
tube (1) to a predetermined temperature and de- 
creasing a pressure in the reaction tube (1) to a 
predetermined pressure, and supplying Si(N(CH 3 ) 2 H 
gas from a first gas source (8) to the reaction tube 
(1) and supplying NH 3 gas from a second gas 
source (13) to the reaction tube (1). 
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The present invention relates to a method of 
manufacturing a silicon nitride film. 

Conventionally, silicon nitride (Si x N Y ) is a solid 
and chemically inert dielectric material having a 
very high hardness, a low thermal conductivity, and 
high resistance to molecular diffusion. Due to these 
properties, silicon nitride is used as an oxidation 
mask, a gate insulating film, a passivation film, or 
the like in, e.g., the manufacture of a semiconduc- 
tor device. A method of forming a silicon nitride 
film on a substrate, e.g., the surface of a semicon- 
ductor substrate is disclosed in Published Exam- 
ined Japanese Patent Application No. 60-10108. 
According to this method, a substrate is arranged 
in a reaction tube, a gas mixture of dichlorosilane 
and ammonia flows in the reaction tube, and the 
substrate is brought into contact with the gas mix- 
ture at a low pressure and a high temperature of 
700 °C to deposit a silicon nitride film on the sub- 
strate by thermal decomposition. The reaction of 
dichlorosilane and ammonia is given by the follow- 
ing formula: 

3SiH 2 C* 2 + 4NH 3 -> Si 3 N* + 6HC* + 6H 2 

In order to obtain a high growth rate of a film, 
uniform deposition, and a high-quality film in an 
economical process, ammonia must flow in the 
reaction tube at a gas flow rate five times that of 
dichlorosilane. 

However, since excessive ammonia flows in 
the reaction tube, non-reacted ammonia remains in 
the reaction tube. As is apparent from the above 
reaction formula, hydrochloric acid produced as a 
reaction product is reacted with the excessive am- 
monia to produce ammonium chloride. Although 
ammonium chloride is not solidified at a tempera- 
ture of 150°C or more, ammonium chloride is 
deposited in a solid state at a temperature of less 
than 150° C. For this reason, since portions in the 
reaction tube or tubes coupled thereto have a tem- 
perature of less than 150* C, e.g., portions located 
on a downstream side from gas supply and ex- 
haust ports in a normal low-pressure CVD 
(Chemical Vapor Deposition) furnace have a tem- 
perature of 150° C or less, ammonium chloride is 
deposited on these portions. The ammonium chlo- 
ride deposited as described above is removed from 
the inner wall of the reaction tube when the pres- 
sure in the reaction tube is changed from the 
atmospheric- pressure state to a low-pressure state 
or changed from the low-pressure state to the 
atmospheric-pressure state, and the ammonium 
chloride is present as particles in the reaction tube. 
Therefore, the particles are attached on the sub- 
strate surface. In addition, when ammonium chlo- 
ride is attached on a metal portion exposed to the 
reaction region and having a relatively low tem- 



perature of 150°C or less, the metal portion on 
which the ammonium chloride is attached is cor- 
roded by moisture remaining in the reaction tube 
due to loading or unloading of the substrate. For 

5 this reason, the reaction tube must be periodically 
washed or heated to remove ammonium chloride. 

In order to prevent deposition of ammonium 
chloride, silane (SiH+) may be used in place of 
dichlorosilane. In this case, however, since it is 

70 difficult to control a deposition speed of silicon 
nitride, the thickness of a silicon nitride film formed 
on the surface of the substrate is difficult to unifor- 
mize. For example, a thicknesses distribution of a 
silicon nitride film is not uniform in each wafer, or 

75 silicon nitride films having the same thickness can- 
not be obtained on a plurality of wafers. 

The present invention has been made in con- 
sideration of the above problem, and has as its 
object to provide a method of manufacturing a 

20 silicon nitride film. According to this method, when 
a silicon nitride film is formed on a substrate sur- 
face, ammonium chloride is not produced. For this 
reason, even when the pressure in a reaction tube 
is changed, ammonium nitride particles are not 

25 attached on the silicon nitride film formed on the 
substrate surface, and an metal portion such as a 
reaction vessel is not corroded because no ammo- 
nium nitride is attached on the metal portion. In 
addition, the thickness of the silicon nitride film 

30 formed on the substrate surface can be uniformed. 

According to a method of manufacturing a sili- 
con nitride film of the present invention, one of an 
organic compound gas containing silicon and nitro- 
gen as constituting elements but not containing 

35 chlorine, and a gas mixture of this organic com- 
pound gas and another gas containing at least 
nitrogen as a constituting element but not contain- 
ing chlorine is brought into contact with a substrate 
surface at a low pressure to form a silicon nitride 

40 film on the substrate surface. In addition, an or- 
ganic compound gas or gas mixture is decom- 
posed to be brought into contact with a substrate 
surface using at least one means of a heating 
operation, production of a plasma, excitation by a 

45 radiation beam. The above another gas contains at 
least one of ammonia and nitrogen. The organic 
compound gas contains an amine group. 

According to the method of manufacturing a 
silicon nitride film arranged as described above, 

so the organic compound gas containing silicon and 
nitrogen as constituting elements but not containing 
chlorine is circulated and brought into contact with 
the substrate surface to deposit silicon nitride. 
Therefore, the gas can be in uniform contact with 

55 the substrate surface, and a deposition rate of the 
film can be easily controlled, thereby obtaining a 
uniform film. During the step of forming the film, an 
unnecessary solid product such as ammonium 
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chloride is not produced, and a metal portion is not 
corroded by the product. In addition, in deposition 
of silicon nitride, since a gas decomposing means 
such as a combination of mixing of ammonia or 
nitrogen, heating, production of a plasma, or excita- 
tion by a radiation beam is also used, the films can 
be further effectively formed. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematic view showing a low-pres- 
sure CVD device for performing a method of 
manufacturing a silicon nitride film according to 
the first embodiment of the present invention; 
and 

Fig. 2 is a schematic view showing a low-pres- 
sure CVD device for performing a method of 
manufacturing a silicon nitride film according to 
the second embodiment of the present inven- 
tion. 

An embodiment of the present invention will be 
described below. Fig. 1 is a schematic view show- 
ing a low-pressure CVD device for performing the 
first embodiment of the present invention. Referring 
to Fig. 1, reference numeral 1 denotes a vertical 
tubular furnace for constituting a reaction tube. 
Substrates, a plurality of semiconductor wafers 2 
each having a diameter of 6" are arranged in the 
reaction tube, a pressure of which is decreased to 
a predetermined pressure. A heater 3 is mounted 
on the outer wall of the reaction tube to heat the 
inside of the reaction tube to a desired tempera- 
ture. An exhaust port 4 coupled to a vacuum pump 
(not shown) for exhausting air from the furnace to 
decrease the pressure thereof is formed in the 
upper portion of the tubular furnace 1 . A first gas 
supply tube 5 for supplying an organic compound 
gas containing silicon and an amine group, e.g., Si- 
(N(CH 3 ) 2 )4, to the inside of the tubular furnace 1 
and a second gas supply tube 6 for supplying 
ammonia (NH 3 ) to the inside of the tubular furnace 
1 extend through the outer wall of the tubular 
furnace 1 such that one end of each of the supply 
tubes 5 and 6 is open to the inside of the tubular 
furnace 1. A baking tank 10 for supplying an or- 
ganic compound gas is coupled to the other end of 
the first gas supply tube 5. The baking tank 10 is 
obtained such that a first valve 7 for 
opening/closing the gas flow path, a first gas flow 
rate controller for adjusting the gas flow rate, and a 
gas generator for generating the organic compound 
gas are coupled to the first gas supply tube 5 
toward the upperstream of the supply tube 5. A 
second valve 11 for opening/closing a gas flow 
path, a second gas flow rate controller 12 for 
adjusting the gas flow rate, and a second gas 
source 13 for supplying ammonia are arranged to 



the other end of the second gas supply tube 6. 
Each of the plurality of semiconductor wafers 2 
arranged in the tubular furnace 1 is horizontally 
held in each of a plurality of shelf portions of a 

5 quartz boat 14 provided in the furnace 1 so as to 
have a space for circulating a gas between the 
semiconductor wafers 2. The heater 3 is uniformly 
mounted on the outer wall of the tubular furnace 1 
to keep the temperature of the outer wall constant 

10 and to minimize local differences in temperature in 
the tubular furnace 1. The intervals between the 
shelf portions for arranging the semiconductor wa- 
fers 2 are not necessarily equal to each other, and 
the semiconductor wafers 2 are preferably ar- 

75 ranged according to the relationship between the 
concentration, volume, and temperature of a flow- 
ing gas. Although not shown or described, the 
temperature and pressure in the tubular furnace 1 
are measured by a general-purpose means, i.e., a 

20 thermometer and a vacuum gauge, and a control 
means having an adjuster for adjusting the mea- 
surement value within a predetermined range in the 
furnace 1, thereby keeping the temperature and 
pressure in the furnace 1 at desired values. 

25 A process for manufacturing a silicon nitride 

film on a semiconductor wafer in a method of 
manufacturing a silicon nitride film according to the 
present invention using the above arrangement will 
be described below. The plurality of semiconductor 

30 wafers 2 were horizontally set one by one on the 
shelf portions of the boat 14 arranged in the tubular 
furnace 1. That is, the wafers were set such that 
the wafer surfaces were perpendicular to a gas 
flow. The temperature in the tubular furnace 1 was 

35 kept at a temperature of 700° C using the heater 3 
arranged on the outer wall of the furnace. The 
pressure in the furnace was kept at a pressure of 
0.5 Torr by driving the vacuum pump (not shown), 
and an organic compound gas, i.e., a vapor of Si- 

40 (N(CH 3 )2H was generated from the gas generator 8 
of the baking tank 10. The valve 7 was open while 
the gas flow rate was controlled by the first gas 
flow rate controller 9, thereby supplying the organic 
compound gas at a flow rate of 100 SCCM. At the 

45 same time, the second valve 11 was open while a 
gas flow rate was adjusted by the second gas flow 
rate controller 12 to supply ammonia from the 
second gas source 13 to the furnace at a flow rate 
of 1,000 SCCM. The temperature and pressure in 

so the tubular furnace 1 were kept as described 
above, and the two types of gases were continu- 
ously supplied to the inside of the furnace for 60 
minutes. The first and second valves were closed. 
Thereafter, the semiconductor wafers 2 were re- 

55 moved from the furnace. When a deposition state 
of a silicon nitride film on the surface of each of the 
removed semiconductor wafers 2 was checked, a 
silicon nitride film having a thickness of 600 A was 
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formed. The silicon nitride film was deposited on 
each wafer to have a uniform thickness, and the 
uniformity of the nitride films of the wafers at 
arbitrary positions in the same furnace was held 
within ±5%. 

Upon completion of the film formation step, 
when deposits in the furnace and the tubes of the 
exhausting system was checked, no corrosive de- 
posits could be detected. 

The conditions of the above embodiment were 
changed, i.e., the temperature in the furnace was 
controlled within a range of 300° C to 1,000° C t and 
the pressure in the furnace was controlled within a 
range of 1 mTorr to 10 Torr. When silicon nitride 
films were formed under these conditions, uniform 
films could be obtained within the above ranges. 

When SiH(N(CH 3 ) 2 ) 3 , SiH 2 (N(CH 3 )2)2, or SiH 3 - 
(N(CH 3 )2) which does not contain chlorine as a 
constituting element was used as an organic com- 
pound gas in place of Si(N(CH 3 )2H, a uniform film 
could be obtained as described above. In addition, 
when a silicon nitride film was formed using nitro- 
gen in place of ammonia in the above embodiment 
by setting a time required for supplying the gas to 
the furnace to be longer than that of the above 
embodiment to prolong a time for keeping the gas 
in contact with the semiconductor wafer 2, films 
could be uniformly formed. When only the organic 
compound gas was used, although film formation 
required a long time, films could be uniformly 
formed. 

Fig. 2 is a schematic view showing a low- 
pressure CVD device for performing the second 
embodiment of the present invention. The same 
reference numerals as in Fig. 1 denote the same 
parts in Fig. 2, and a detailed description thereof 
will be omitted. A pair of electrodes 15 are ar- 
ranged on the inner wall of a tubular furnace 1 and 
are coupled to an AC power source (not shown). 

With the above arrangement, a gas flowed in a 
furnace 1 while the pressure in the tubular furnace 
1 was decreased, and a predetermined voltage was 
applied to the pair of electrodes 15. In this case, a 
plasma was produced from any one of Si(N(CH 3 ) 2 )- 
4, SiH(N(CH 3 ) 2 ) 3 , SiH 2 (N(CH 3 ) 2 ) 2 , and SiH 3 (N- 
(CH 3 ) 2 ) gases to be decomposed inside the tubular 
furnace. Uniform silicon nitride films could be effec- 
tively formed on the surfaces of the semiconductor 
wafers 2. Note that, since the plasma was pro- 
duced from the gas, the reaction temperature was 
decreased to 300* C. Although the plasma was 
produced from the gas as a means for decompos- 
ing the gas, when an ultraviolet beam was radiated 
on the gas to excite and decompose the gas, same 
result as described above could be obtained. Other 
radiation beams may be used in place of the 
ultraviolet beam. The plasma may be produced 
from the gas or the gas may be excited by a 



radiation beam while a heating operation is per- 
formed. 

As is apparent from the above description, 
according to the present invention, when a silicon 

5 nitride film is formed on a substrate surface, an 
organic compound gas which contains silicon and 
nitrogen but not containing chlorine as constituting 
elements is used, and the substrate and the gas 
are reacted at a low pressure. In this case, the 

w following effects can be obtained. A silicon nitride 
film formed on each substrate surface can be uni- 
formly distributed on the substrate to have a pre- 
determined thickness. Differences in thicknesses of 
silicon nitride films on a plurality of substrate can 

75 be decreased. Since an unnecessary solid product 
is not produced and therefore is not attached on 
the silicon nitride film, an exposed metal portion 
such as a reaction vessel is not corroded. 

20 Claims 

1. A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 

25 of: 

setting a plurality of semiconductor wafers 
(2) on a boat (14) in a reaction furnace (1); 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
30 decreasing a pressure in said reaction tube (1) 

to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and barbon from a first gas 
source (8) to said reaction tube (1) and sup- 
35 plying NH 3 gas from a second gas source (13) 

to said reaction tube (1 ). 

2. The method according to claim 1, character- 
ized in that the temperature and pressure in 

40 said reaction tube (1) are 700° C and 0.5 Torr, 

and flow rates of said a mixture containing 
silicon, nitrogen, hydrogen and carbon and 
NH 3 gas are 100 SCCM and 1,000 SCCM, 
respectively. 

45 

3. A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

50 setting a plurality of semiconductor wafers 

(2) in a boat (14) in a reaction tube (1); 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
55 to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and carbon from a first gas 
source (8) to said reaction tube (1) and sup- 
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plying or NH 3 gas from a second gas source 
(1 3) to said reaction tube (1 ). 

A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 5 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 
(2) in a boat (14) in a reaction tube (1); 

increasing a temperature in said reaction w 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and carbon from a first gas 75 
source (8) to said reaction tube (1) and sup- 
plying NH3 gas from a second gas source (13) 
to said reaction tube (1). 

A method of manufacturing a silicon nitride film 20 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 
(2) in a boat (14) in a reaction tube (1); 25 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 30 
trogen, hydrogen and carbon from a first gas 
source (8) to said reaction tube (1) and sup- 
plying NH3 gas from a second gas source (1 3) 
to said reaction tube (1). 

35 

A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 40 
(2) in a boat (14) of a reaction tube (1); 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; and 45 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and carbon from a first gas 
source (8) to said reaction tube (1) and sup- 
plying N 2 gas from a second gas source (13) 
to said reaction tube (1). 50 



tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and carbon from a first gas 
source (8) to said reaction tube (1) and sup- 
plying N 2 gas from a second gas source (13) 
to said reaction tube (1). 

A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 
(2) in a boat (14) in a reaction tube (1); 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; and 

supplying a mixture containing silicon, ni- 
trogen, hydrogen and carbon from a first gas 
source (8) to said reaction tube (1) and sup- 
plying N 2 gas from a second gas source (13) 
to said reaction tube (1). 

A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 
(2) in a boat (14) of a reaction tube (1); 

increasing a temperature in said reaction 
tube (1) to a predetermined temperature and 
decreasing a pressure in said reaction tube (1) 
to a predetermined pressure; 

supplying one number selected from the 
group consisting of Si(N(CH 3 ) 2 )4, SiH(N(CH 3 )- 
2 )3, SiH 2 (N(CH 3 ) 2 )2, and SiH 3 (N(CH 3 ) 2 ) gases 
from a first gas source (8) to said reaction tube 
(1) and supplying one number selected from 
the group consisting of N 2 and NH 3 gases 
from a second gas source (13) to said reaction 
tube (1); and 

producing a plasma from said gas sup- 
plied in said reaction tube (1). 



7. A method of manufacturing a silicon nitride film 
on a semiconductor substrate using a low- 
pressure CVD apparatus, comprising the steps 
of: 

setting a plurality of semiconductor wafers 
(2) in a boat (14) in a reaction tube (1); 

increasing a temperature in said reaction 
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